Abstract. MicroRNAs (miRs) are small, endogenous noncoding RNAs that serve a significant function in various biologic processes, including those involved in cancer. The present study aimed to determine the expression and function of miR-16 in renal cell carcinoma (RCC). Quantitative polymerase chain reaction was used to quantify the expression of miR-16 in 48 paired RCC tissues and adjacent normal tissues. The impact of miR-16 on cell proliferation, migration and apoptosis was analyzed by transfecting miR-16 mature molecules into the renal cancer cell lines 786-O and ACHN. The results indicated that miR-16 was significantly upregulated in RCC tissues (P<0.05). Downregulation of miR-16 resulted in reduced cell proliferation and migration and increased levels of apoptosis, while overexpression of miR-16 resulted in accelerated cellular proliferation and migration, suggesting that miR-16 may function as an oncogene in RCC. The present study demonstrated for the first time, to the best of our knowledge, that miR-16 is upregulated in RCC and acts as an oncogene by inducing cellular proliferation, migration and reducing apoptosis. Further study of miR-16 in RCC may clarify the molecular mechanisms of RCC carcinogenesis and aid in the development of novel biomarkers and therapeutic options.
Introduction
Renal cell carcinoma (RCC) is the most common type of malignancy in kidney parenchyma, with a high rate of recurrence and mortality (1) . Over the last two decades, the incidence of RCC has progressively increased and at present, it accounts for ~3% of all cases of cancer (2) . Early diagnosis of RCC is a challenge, as it presents no clinical symptoms for the majority of its course (3) . Almost 30% of all patients exhibit metastatic disease at presentation, and 40% of patients with localized disease ultimately develop distant metastases following removal of the primary tumor (4) . Therefore, it is critical to identify novel molecular mechanisms, including microRNAs (miRs), to elucidate RCC oncogenesis and metastasis.
miRs are non-coding RNAs of ~22 nucleotides in length, which function as regulators at the post-transcriptional level (5) . Numerous studies have demonstrated the notable roles of miRs in cancer pathogenesis, including onset, progression and metastasis (6, 7) . Involvement of miRs in the oncogenic process has been indicated by the observation that the 13q14 deletion characterizing >50% of all cases of chronic lymphocytic leukemia results in a loss of miR-16 genes (8) . This finding provided the primary evidence that miR genes may have a role in tumorigenesis. Downregulation of miR-16 has been reported in other neoplastic malignancies, including multiple myeloma (9) , pituitary adenomas (10), mantle cell lymphoma (11) , lung cancer (12) and prostate carcinoma (13) . miR-16 is involved in numerous types of cancer; thus, the present study investigated the potential role and function of miR-16 in RCC. Quantitative polymerase chain reaction (qPCR) was used to quantify the expression of miR-16 in RCC tissues and paired normal adjacent tissues, and the impact of miR-16 on renal cancer was assessed by MTT, wound scratch and apoptosis assays following transfection of mature miR-16 molecules. Bioinformatics analysis was also performed to predict the target genes of miR-16. 
Materials and methods

Human
RNA isolation and reverse transcription (RT)-qPCR.
According to the manufacturer's instructions, total RNA from each sample was extracted using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA) and purified using an RNeasy Maxi kit (Qiagen GmbH). The RT reaction was conducted with 1 µg total RNA from each sample to obtain the cDNA templates, using a miScript RT kit (Qiagen GmbH) according to the manufacturer's instructions. The qPCR reaction was performed in a LightCycler 480 Real-Time PCR system (Roche Diagnostics, Basel, Switzerland) using miScript SYBR Green PCR kit (Qiagen GmbH) with U6 small nuclear RNA (Qiagen GmbH) as a control. The reaction mixture consisted of the following reagents: Specific microRNA primer (1 µl); cDNA template (1 µl); 2X QuantiTect SYBR Green PCR Master Mix (10 µl); 10X miScript Universal Primer (2 µl); and RNase-free water to a total volume of 20 µl. The reverse primer was provided in the miScript SYBR Green PCR kit. The other primer sequences were as follows: miR-16 forward, 5'-TAG CAG CAC GTA AAT ATT GGCG-3'; U6 reverse, 5'-ACG CTT CAC GAA TTT GCGT-3' and forward, 5'-CTC GCT TCG GCA GCA CA-3'. Amplification conditions were as follows: 95˚C for 15 min, then 40 cycles of 95˚C for 15 sec, 58˚C for 30 sec and 72˚C for 30 sec. PCR products were analyzed by agarose gel electrophoresis. The relative expression levels of miR-16 were calculated using the 2 -ΔΔCt method (14) . 
Results
Upregulation of miR-16 in RCC tissues.
Previous miR expression profiles of renal cancer have indicated that miR-16 was upregulated in these tissues (15, 16) . In order to assess this hypothesis in the present study, qPCR was used to quantify the expression of miR-16 in 48 paired RCC tissues and adjacent normal tissues. The relative expression of miR-16 [log 2 (T/N)] is exhibited in Fig. 1A . The results demonstrated that miR-16 expression levels in the RCC tissues were significantly higher than those in the paired normal tissues (P<0.05), as presented in Fig. 1B . (Fig. 2) . (Fig. 3) . (Fig. 5) . Therefore, miR-16 may reduce apoptosis in renal cancer.
Effect of miR-
Impact of miR-16 on apoptosis.
Influence of miR-16 on cell migration.
Wound healing assays were used to assess the migration ability of renal cancer cells following transfection with miR-16 mature molecules (mimics/inhibitor) or negative control. As presented in Fig. 5 , wound widths of cells transfected with miR-16 inhibitor were greater than those in the negative control group (P<0.05), while cells transfected with miR-16 mimics displayed increased migration, suggesting miR-16 may accelerate the migration of renal cancer cells in vitro (Fig. 5C ).
Target gene prediction. To explore the downstream target genes of miR-16, four algorithms were combined to predict the putative targets. BAP1 was the potential target predicted by all four algorithms simultaneously. The BAP1 3'-untranslated region (3'UTR) of the mRNA contained a complementary site for the seed sequences of miR-16 (Fig. 5D) . 
A B A B Discussion
Cancer is characterized by multiple genetic changes affecting different oncogenes or tumor suppressor genes involved in cell cycle control, proliferation and apoptosis (17) . The discovery of miRs and their ability to regulate multiple downstream genes indicates that they may be associated with cancer formation (18) . It was estimated that >50% of miR genes are located in cancer-associated genomic regions or in fragile sites, suggesting that miRs may serve an important function in the pathogenesis of human cancer (19) . Located at 13q14.3, miR-16 has been confirmed to be downregulated in chronic lymphocytic lymphoma (8) . Further study revealed miR-16 expression is inversely correlated to B-cell lymphoma 2 (Bcl2) expression in this disease and that miR-16 negatively regulates Bcl2 at the post-transcriptional level (5) . A similar mechanism has also been suggested in gastric (20) and hepatic (21) cancer. miR-16 also targets the CCND1 gene (encoding cyclin D1) and WNT3A in prostate cancer (22) . These findings highlight the importance of miR-16 in carcinogenesis.
As miR-16 is involved in multiple types of neoplastic malignancy, the present study aimed to explore the potential role and effect of miR-16 in RCC. qPCR was used to quantify the expression of miR-16 in 48 samples of RCC and adjacent normal tissues. The impact of miR-16 on cell proliferation, migration and apoptosis was analyzed by transfecting miR-16 mature molecules (mimics/inhibitor) into the renal cancer cell lines 786-O and ACHN. In addition, bioinformatics analysis was performed in order to predict the target genes of miR-16.
The results of the present study demonstrated that miR-16 was upregulated in renal cancer tissue samples (P<0.05), which is in accordance with previous studies of miR expression profiles in RCC (15, 16) . Downregulation of miR-16 resulted in reduced cellular proliferation, migration and increased apoptosis, while overexpression resulted in accelerated cellular proliferation and migration, suggesting that miR-16 may be characterized as an oncogene in RCC. Furthermore, bioinformatics prediction of the target gene of miR-16 indicated that BAP1 was one potential target.
In a previous study, BAP1 was observed to be mutated in ~15% of clear cell RCC (ccRCC) cases and located within a 50-Mb region on the short arm of chromosome 3p that encompasses VHL and is deleted in ~90% of ccRCC (23) . In a study by Gossage et al (24) BAP1-mutated tumors were associated with metastatic disease at presentation, advanced clinical stage and a trend towards shorter recurrence-free survival (24) . Another study confirmed that the expression of BAP1 may serve as a powerful marker to predict poor outcomes in patients with cancer (25) . These results indicated the critical role of BAP1 in the carcinogenesis of RCC. Upregulated miR-16 may induce cellular proliferation and migration, and reduce apoptosis by suppressing the function of BAP1. miR-16 acts as a tumor suppressor in certain types of cancer, whereas it is an oncogene in RCC. A similar situation is observed with regards to miR-7, which has been described as a tumor suppressor in several types of human cancer, including glioblastoma, breast and lung cancer (26) ; however, it acts as an oncogene in RCC as previously demonstrated (27) . This inconsistency may be explained by the 'imperfect complementarity' of the interactions between miRs and their target genes. 
D
It has been suggested that one miR can target ~200 mRNAs, which may be responsible for multiple different proteins, and one mRNA can be regulated by several miRs (28) .
In addition to gene regulatory functions, miRs have also been demonstrated to present significant diagnostic, prognostic and therapeutic potential. It was previously confirmed that high expression of miR-16 was associated with a significantly improved survival in advanced non-small cell lung cancer (29) , and associated with ovarian cancer survival and recurrence (30) . Reid et al (31) used synthetic mimics to restore miR-16 expression, which led to growth inhibition in malignant pleural mesothelioma (MPM) cell lines. Intravenous administration of miR-16 mimics in xenograft-bearing nude mice led to consistent and dose-dependent inhibition of MPM tumor growth, suggesting that restoration of expression of miR-16 may be a novel therapeutic approach for MPM.
In conclusion, the present study demonstrated for the first time, to the best of our knowledge, that miR-16 is upregulated in RCC and acts as an oncogene by accelerating cellular proliferation and migration, and by reducing levels of apoptosis. Future research of miR-16 in RCC should aim to clarify the molecular mechanism underlying RCC carcinogenesis and aid in the development of novel biomarkers and therapeutic options.
